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Interferons (IF) are a family of glycoproteins known 
for their antiviral activity and the ability to inhibit 
growth and alter behavior of various normal and trans-
formed cell types, both in vivo and in vitro. Because 
cultured human keratinocytes (HK) produce IF in re-
sponse to viral infection, we undertook studies of alpha-
IF and beta-IF effects on HK. 
Cloned human IF were added at time of seeding and 
at each feeding to paired dishes of keratinocytes main-
tained in serum-free hormone-supplemented medium. 
At 7 days significant inhibition of growth was observed 
for both alpha-IF and beta-IF, as determined by cell 
counts, total protein, and appearance of stained colonies, 
and was sustained for at least two weeks during contin-
uous IF exposure. The inhibition was substantially 
blocked by prior addition of cholera toxin to the medium, 
consistent with competition for a common cell surface 
receptor. Growth of a single human epidermal carci-
noma cell line was much less affected by IF than was 
growth of the normal keratinocytes. IF also promoted 
terminal differentiation of keratinocytes as assessed by 
desquamation rate of cells from the colony surface and 
by proportion of total cells having cornified envelopes. 
IF effect on both growth and differentiation was com-
pletely reversible within days of its removal from me-
dium. These findings suggest that IF may function as a 
physiologic regulator of epidermal growth in vivo with 
properties of a negative growth factor or chalone. 
Inte rferons (IF) are a family of glycoproteins, originally 
identified by their antiviral activity [1], that are known to be 
produced by many cell types including human keratinocytes 
(HK) in response to viral infection [2). Apart from their a nti-
viral activity, IF have bee n s hown to inhibit cellular multipli-
cation both in vivo and in vitro and are presently undergomg 
clinical trials as cancer chemotherapeuti c agents [3). The fol-
lowing s tudies were undertaken to determine whether IF may 
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serve some physiologic role in human epidermis beyond control 
of local viral infections. 
MATERIALS AND METHODS 
Cell Cultures 
Primary keratinocyte cultures were prepared from newborn foreskins 
and adult surgical specimens as described previously [4] in medium 
lacking cholera toxin. At confluency plates were washed twice with 
0.02% EDTA, incubated for 15-30 min in 0.25% trypsin at 37•c and 
pi petted vigorously to yield a single cell suspension. Keratinocytes were 
inoculated immediate ly in 35 mm plates (Falcon) coated with human 
fibronectiri 10 J.Lg/cm2 [5] at 0.8- 2.4 X 105 cells/dish (1- 3 x 10' cells/ 
cm2), the same for all plates in each experiment. Cultures were main-
tained at 37•c in 8% C02 and provided with fresh medium 3 t imes 
weekly until processing. All the keratinocytes that were used for t he 
experiments were first subcultures of primary cultures. 
The human epidermal squamous cell carcinoma line SCC-12B.2 #669 
[6], kindly provided by Dr. J ames Rheinwald, was maintained on an 
irradiated 3T3 feeder layer in a 75:25 mixture of Dulbecco's modified 
Eagle's medium and Ham's F12 supplemented with 5% fetal calf serum 
and antibiotics. For experimental use, first subcultures of the primary 
cultures were used and handled identically to the normal keratinocytes 
and seeded at the same densities. 
Tissue Culture Medium 
During experiments, both keratinocytes and SCC cells were main-
tained in a serum-free hormone-supplemented medium (SFHSM) con-
taining Medium 199 with 10 llg/ml insulin (Sigma), 10 ng/ ml epidermal 
growth factor (Bethesda Research Laboratories) , 10-9 M triiodothyro-
nine (Sigma), 10 llg/ml transferrin (Sigma), 1.4 X 10-6 M hydrocortisone 
(Calbiochem), 2 mg/ml bovine serum albumin (Sigma), 150 J.Lg/ml 
bovine hypothalamic extract prepared as described previously [7], 100 
units/ml penicillin, and 100 llg/ml streptomycin. 
Interferon 
Cloned lyophilized recombinant human alpha-A interferon (alpha-
IF) and beta interferon (beta-IF) were kindly provided by Hoffmann-
LaRoche, Inc., Nutley, New Jersey. The IF preparations were resus-
pended in Medium 199 at a concentration of 1 X 106 units/ml, ali quoted 
as 100 Ill, stored at -7o·c. IF were thawed only once, then kept at 4 · c 
and used for 3 feedings . At the time of seeding before cells had attached 
and with each subsequent feeding, alpha-IF and beta-IF were added 
separately to paired cultures at final concentrations of 0, 25, 50, 250, 
500, 1250, 2500, and in some experiments 5000 units/mi. 
Experimental Procedures 
One or more of the following parameters was examined for each cell 
strain: 
Effect of IF on cell growth: After 1 week, 3 paired plates at each IF 
concentration were (a) fixed (4 % formaldehyde for 40 min) and stained 
(1 % Rhodani le blue for 20 min) to permit comparison of colony size 
[8] ; (b) rinsed and then trypsinized to yield a single cell suspension 
and at least two aliquots from each dish counted in a hemacytometer 
chamber; or (c) rinsed twice, exposed to 1 N NaOH, and processed for 
protein determination according to the colorimetric Bio-rad Protein 
Assay [9]. Three additional paired plates at each IF concentration were 
continued in culture and subsequently maintained in SFHSM lacking 
IF. After 7 additional days' growth, the plates were processed as above 
in order to examine the reversibility of the IF effect. 
Effect of IF on cell attachment: Keratinocytes were plated in SFHSM 
with or without 2500 units/ml alpha-IF or beta-IF and examined using 
a Zeiss inverted phase microscope (160X) 2 h, 6 h, and 24 h afte r initial 
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seeding, without reference to culture identity, for gross differences in 
ce ll attachment, spreading and morphology. At 24 h, the medium was 
collected from each plate and centrifuged at 1200 rpm for 5 min. The 
supernatant was aspirated, the pellet (unattached cells) was resus-
pended in 100 11l phosphate-buffered saline (PBS), and 2 separate 
aliquots of the suspension from each dish were then counted using a 
hemacytometer. The dishes containing adherent colonies were then 
incubated for 10 min at 37"C in 1 ml of0.5% trypsin, vigorously sprayed 
with a pasteur pipette and examined under phase microscopy to assure 
that no adherent cells remained. Three separate aliquots of the cell 
suspension from each dish were then counted using a hemacytometer. 
Effect of cholera toxin on IF-induced growth inhibition: Cholera toxin 
(CT) (Calbiochem) at a concentration of 0 or 1.2 x 10-9 M was added 
to paired keratinocyte cultures plated 24 h earlier in SFHSM alone. 
After an additional 24 h, the medium was aspirated and replaced with 
medium containing the respective concentrations of CT and IF 0 or 
2500 units/mi. Cultures were then refed their respective fresh medium, 
with or without CT, with or without IF 3 times weekly, and processed 
as above after an additional 7 days. 
Effect of IF on keratinocyte differentiation: Keratinocyte cultures 
were maintained in SFHSM supplemented with IF 0 or 2500 units/ml 
for 7 days, then processed to examine markers of terminal differentia-
tion or placed in SFHSM lacking IF for an additional 7-day period 
prior to such processing, in order to examine the reversibili ty of t he IF 
effect on differentiation . 
One set of cultures was harvested to yie ld separately attached cells 
and cells shed into the medium during the preceeding 48-72 h feeding 
cycle. Medium from each plate was centrifuged for 5 min at 1200 rpm, 
the supernatant aspirated, and the pellet of desquamated cells resus-
pended in 1 ml of PBS. This single cell suspension was divided equally 
into 2 tubes and recentrifuged. One pellet was resuspended in 0. 2 ml of 
PBS and counted in a hemacytometer chamber to determine total cell 
number. The second pellet was resuspended in 10 ml of 1% sodium 
dodecyl sulfate (SDS) containing 1% 2-mercaptoethanol (2ME), incu-
bated 10 min at room temperature, and cent rifuged at 2400 rpm for 10 
min, aspirated, resuspended and counted as above to determine the 
proportion of cells with cornified (SDS and 2ME resistent) envelopes 
[10] . Cells in colonies attached to the plate, not removed with the 
medium were trypsinized to yield a single cell suspension, centrifuged, 
resuspe~ded, divided and processed in the same way as cells recovered 
from the medium. 
Separate cultures maintained under identical conditions were sub-
jected to keratin extraction [11] . A 30 p.g aliquot of reduced protein 
from each dish was run on a 8.5% polyacrylamide gel with appropriate 
molecular weight standards. The gel was stained overnight with 0.025 % 
Coomassie Brilliant Blue G250 solution, destained with 10% isopro-
panol followed by 10% acetic ac id solution for 3-4 h, and fixed in 10% 
acetic acid. 
A final set of cultu res was processed as previously described [1 2) for 
transmission electron micrographs of vertically sectioned keratinocyte 
colonies. 
RESULTS 
Effect of IF on Cell Growth 
Both a lpha-IF and beta-IF consistently inhibited keratino-
cyte growth (Tab le I) , a lthough degree of inhibition varied 
moderately among donor strains and with inoculation density. 
After 7 days, cont rol cultu res contained 6.5 ± 0.33 (mean ± 
SEM) times the inoculated cell number, while cultures supple-
mented with 2500 units/ml of either alpha-IF or beta-IF con-
tained only 2.1 ± 0.5 times the initial inoculum, a highly 
significant (p < .001 Sign test) mean growth inhibition of 65 ± 
8% for the 10 experiments. In 4 experiments (1-3 and 10) cell 
number after 7 days was less than the number of cells inocu-
lated, reflecting the previously reported observation [1 3] that 
attachment rate for keratinocytes in t his system is well below 
100% (average 35%) and may be as low as 20%. However, 
attachment rates never differed from each other by more than 
5% within a single experiment. Mean inhibition of keratinocyte 
growth by 2500 units/ml of either alpha-IF or beta-IF as 
determined by total protein per dish in 4 experiments, was 48 
± 14%. Over t he dose range tested, there was an approximately 
linear decline in cell yield at 7 days, comparable for alpha-IF 
and beta-IF (Fig 1), and paired dishes stained with Rhodanile 
blue revealed a proportionate reduction in keratinocyte colony 
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TABLE l. Effect of interferon on keratinocyte growth 
Cell Counts• X 10 • 
Experiment IF' 2500 Percent 
no. Inoculation Control units/ inhibition' 
density 7 days ml 7 
days 
1 2.4 17.0 0.9 94.7 
2 2.8 19.3 0.6 96.9 
3 2.6 18.3 1.8 90.2 
4 2.5 15.5 9.4 39.4 
5 2.0 13.0 8.4 35.4 
6 1.5 11.2 5.4 51.8 
7 0.8 3.9 2.0 48.7 
8 1.7 7.3 3.9 46.6 
9 2.5 17.9 8.0 55.3 
10 2.6 18.3 1.0 94.5 
• Mean values. SEM was less than 15% of the mean. 
b alpha-IF was used in experiments 1-8; beta-IF was used in experi-
ments 9 and 10. 
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FIG 1. Keratinocyte growth inh ibition by alpha-IF and beta-IF. 
Paired keratinocyte cu ltures derived from a newborn donor were inoc-
ulated at 2 X 105 cells/35 mm dish and maintained for 7 days in serum-
free medium supplemented at each feeding with alpha-IF or beta-IF 0-
2500 units/mi. One representative experiment is shown. Each point is 
the mean of 2 separate cell counts or 2 separate protein measurements. 
size. Statistically significant (p < .001) keratinocyte growth 
inhibition was obtained with 2:: 250 units/ml of either alpha-IF 
or beta-IF in t hese experiments, but progressively greater in -
hibition was observed t hroughout the dose range examined. 
Growth of the human epidermal squamous cell carcinoma 
line SCC-12B.2 #669 was a lso inhibited by both alpha-IF and 
beta-IF, but to a lesser degree (Fig 2). Inhibition produced by 
2500 units/ml was only 29 ± 3.5 % as determined by cell counts 
in 3 experiments, despite growth of unsupplemented control 
carcinoma cultures comparable to that observed for normal 
keratinocytes in this system, and no further inhibition occurred 
with 5000 units/ml (data not shown). These quantitative data 
were again supported by t he appearance of paired stained 
plates, although carcinoma cultures bound Rhodanile blue with 
much less affinity t han did normal keratinocyte cultures, and 
individua l colonies were less well demarcated. 
Paired IF -supplemented and control keratinocyte cultures 
not processed after 7 days, but maintained an additional 7 days 
in medium lacking IF, revealed t hat the IF-induced inhibition 
was reversible (Fig 3). This impression, gained from daily phase 
microscopic examination of cultures in t he second week and 
from comparison of stained dishes on day 7 and 14, was con-
firmed by cell counts: the ratio of cell number/ dish on day 14 
vs day 7 ranged from 1.1 to 4.0 among experiments and was 
consistently greater for the initially IF -inhibited cultures than 
for controls, perhaps because the latter were approaching con-
fluence during t he second week. In contrast, cultures main-
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FIG 2. Effect of IF on normal vs malignant human keratinocyte 
proliferat ion. Cu ltu res of normal keratinocytes derived from a newborn 
do nor were inoculated and maintained as in Fig 1 and the squamous 
cell carcinoma line (SCC-128.2 ff669) were inocu lated at 2 X 105 cells/ 
35 mm dish and main tained the same way. Points graphed are t he 
mean ± SEM for duplicate plates in 2 experiments. 
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FIG 3. Reversal of IF-i nduced inhibition of human keratinocytes 
growt h. Keratinocyte cultures derived from . a newborn donor were 
plated at 2 x 105 cells/35 mm dish and mamtamed for 7 days Ill serum-
free medi um supplemented at each feeding with IF 0-2500 units/mi. 
After 7 days one plate at each IF dose was fixed and stained with 
Rhodani le blue and paired plates were maintained an additional 7 d~ys 
in medium lacking IF, then processed as before. One rep_:;sentatlve 
experiment is shown. Cell counts (mean cell number x_ 10 on day 7 
vs day 14, for each IF dose) were 19.:3 vs 25 .4 for 0 umts/ml, 17.5 vs 
19.2 for 25 units/ml, J 2.6 vs 18.0 for 50 uni ts/m l, 11.2 vs 12.1 for 250 
un its/ml, 1.1 vs 1.63 for 500 units/ml, 0.6 vs 1.0 for 2500 umts/mL 
Total protein determinations in paired dishes also correlated welL 
tained 14 days in IF-supp lemented medium revealed continued 
profound growth inhibition (data not shown) . 
Effect of IF on Cell Attachment 
There was no effect of either a lpha-IF or beta-IF on keratin-
ocyte attachment rate after 24 h . Absolute attachment rates 
for both control and IF -treated inocula varied moderately, 
depending on handling procedure, but never differed from each 
other by more than 5% within a s ingle experiment, as calculated 
by counting either attached or floating cells . 
Effect of CT on IF-induced Growth. Inhibition 
Keratinocyte yield from cul tures grown in t he presence of 
CT was nearly twice t hat observed in control cul t ures, as 
p reviously reported for other keratinocyte cul t ure systems 
[14]. The effect of adding IF to CT-exposed cult ures on day 3 
varied fro m li ttle or no growth inhibit ion ove r t he next 7 days 
to an inhibit ion approx imately one-third that seen in cont rol 
cultures exposed to IF but not to t he adenyl cyclase-binding 
agent (Fig 4). 
Effect of IF on Keratinocyte Differentiation 
Routine phase microscopic observation of cult ures grown in 
the presence of IF revealed only very subtle morphologic 
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FIG 4. Effect of cholera toxin (CT) on IF-induced inhibition of 
keratinocyte proliferation. Newborn keratinocytes were inoculated in 
serum-free medium, and cholera toxin 0 or 1.2 x 10-9 M was added to 
paired dishes after 24 h. After an additional 24 h, the medium was 
replaced with medium containing the respective concentrations of 
cholera toxin and IF (CT + a! F) 0 or 2500 units/mi. All cultures were 
then fed their respective media 3 times weekly, and dishes were 
processed after an additional 7 days for total cell number, total protein 
per dish, or stained with Rhodani le blue. As determined by cell counts, 
IF inhibited keratinocyte proliferation by 82% in the absence of cholera 
toxin, but by only 37% in the presence of cholera toxin. Appearance of 
stained plates suggests virtually complete blocking of the IF effect by 
cholera toxin. Bars represent SEM of 2 determinations. 
changes, other t han reduction in average colony diameter. 
Possible effects of IF on keratinocyte differentiation were 
nevertheless examined quantitatively using biochemical tech-
niques and in greater qualitative detail by transmission electron 
microscopy (EM) . 
IF consistently promoted cornified envelope formation and 
cell shedding in cultures maintained 7 days in the presence of 
2500 units/ml IF (Table II) , approximately doubling t he ratio 
of SDS/2ME-resistent (cornified) cells to total cells, compared 
to untreated controls, a statistically sign ificant shift (p < .04, 
Sign test). Exact ratios varied from experiment to experimen t, 
depending on inoculation dens ity and degree of confluence after 
the one-week growth period. 
Paired control cultures processed after 7 days for EM re-
vealed stratified colonies consisting of 6-10 cell layers, includ-
ing 1 or 2 adherent surface layers with loss of intercellular 
desmosomes and thickened plasma membranes, representing 
cross-linked envelopes [10]. After 14 days, appearance was 
similar, but colonies contained up to 13 cell layers, including 
3- 8 with cross- linked envelopes, and 1 or 2 cell layers at the 
base of this differentiated zone resembling a stratum gra nu-
losum (Fig 5A and B). In contrast, IF -treated cultures processed 
after 7 days revealed colonies with only 4- 5 cell layers; cells 
with thickened plasma membranes were either absent from the 
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colony surface or very loose ly adherent (Fig 5C). IF -treated 
cultures processed afte r an add itional 7 days in medium lacking 
IF ("reversed" cu ltures) contained 5- 7 cell layers, including 0-
3 with cross- linked envelopes, and an interrupted single cell 
layer with keratohyaline granu les (Figure 5D), an appearance 
intermediate between t he 7 day and 14 day control cultures. 
TABLE II. Effect of interferon on keratinocyte differentiation 
Percent terminally Pe rcent detached• 
Experiment differe ntiated" 
no. Control IF-treated• Control IF-treated• 
1 3.5 5.5 0.3 2.9 
2 2.0 6.4 1.0 4.2 
3 4.5 7.2 2.1 11.9 
4 2.0 4.5 0.6 2.0 
5 9.6 13.3 2.4 4.8 
6 4.5 18.0 2.0 6.8 
• (Number SDS/ 2ME-resistant cells divided by tota l number of cells 
oodey7)X100. . . . 
b (Cells coun ted in t he cell layer on day 7 divided by cells counted m 
a 3-day medium collectiOn, day 4- 7) _x 100. 
c 5000 units/dish a lpha-IF (expenments 1- 3, 5, and 6) or beta-IF 
(experiment 4) . 
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No quantitative or qualitative differences in keratin protein 
profi les were apparent among 7 day or 14 day control and IF-
treated cu ltures: all demonstrated bands corresponding to 58 
kD, 56 kD, 52 kD and 50 kD keratins. 
DISCUSSION 
This study demonstrates that IF profoundly and reversibly 
inhibit the growth of human keratinocytes, at least under 
certain culture conditions. After 1 week, optimal concentrations 
of eit her alpha-IF or beta-IF decrease cell yield by an average 
of approximately 70% and by more than 90% in some experi-
ments, whi le cell attachment was not altered. The inhibition 
was sustained for at least 2 weeks during continuous exposure 
to IF and was completely reversible, with treated cultures 
resuming growth at a rate equal to or greater than that of 
controls almost immediately after removal of IF from the 
medium. 
In addition to inhibiting growth, IF promote keratinocyte 
terminal differentiation as assessed by desquamation of cells 
from the colony surface, proportion of cells resistent to SDS 
and 2ME, and by t he electron microscopic criteria of thickened 
plasma membranes; lack of desmosomes, and absent or pycnotic 
nucleus in upper cell layers of the colonies. 
FIG 5 . Electron micrographs of cross-sections through keratinocyte colonies 7 or 14 days after inoculation. A, Control culture after 7 days. 
Note 5 cell layers and absence of cornified envelopes. B, Control culture afte r 14 days. Note 11 cell layers, 6 layers with cornified envelopes (*) 
and one layer conta ining ke ratohyaline granules (KHG). C, Cul ture supplemented with IF 2500 units/ ml after 7 days. Note 4 cell layers with 
detachit1g cells at colony surface. Thickened cell membranes represent cornified envelopes (*). D, IF-treated culture after 7 additional days in 
medium lacking IF. Note 7 ce ll layers and one adherent layer with cornified envelope(*). 
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The lesser IF -induced growth inhibition of a single squamous 
cell carcinoma line relative to normal keratinocytes must be 
interpreted with caution and is not necessarily related to the 
malignant state. IF have been repeatedly reported not to inhibit 
the growth of all cells, either normal or malignant (3]. Our 
finding does, however, emphasize the fact the IF -induced 
growth inhibition is not restricted to the transformed pheno-
type. 
The IF growth inhibitory effect was substantially blocked by 
CT, as previously reported for the antiviral activity of IF in 
vitro [15] . IF initiate an antiviral state by interacting with 
ganglioside-like receptors similar and perhaps identical to the 
CT receptors [ 15]. Our data suggest that the effect of IF on 
growth may also be mediated through binding to this receptor, 
with competitive blocking by CT. 
IF were originally discovered during studies of viral interfer-
ence [1). It is now known that IF appear soon after exposure 
of cells to a viral inducer. They interact with cells by binding 
to a membrane ganglioside [16) and stimulate synthesis of 
enzymes that block viral multiplication [17) . 
IF have been also found to inhibit growth of tumors of both 
viral and nonviral origin (17,18) and to inhibit multiplication 
of normal nonvirally infected cells in vitro (19,20]. It was shown 
that mouse Balb/c 3T3 cells or human FS4 fibroblasts are 
stimulated to divide by addition of bovine or human platelet-
derived growth factor (PDGF), and that addition of homologous 
IF to the stimulated cultures block the growth promoting action 
of PDGF [22). Also, a combination of growth factors stimulates 
nondividing Swiss 3T3 cells to synthesize DNA, but low dose 
of mouse IF inhibits this synthesis [22). It was found that 
production of antiproliferative IF was stimulated by specific 
growth factors . Murine bone marrow cells were shown to pro-
duce IF when stimulated by a specific macrophage growth 
factor, and the baseline proliferative response to this growth 
factor is augmented if cultures are treated with anti-IF anti-
bodies (23). These findings suggest that IF may function as a 
physiologic regulator of cell growth in vivo with properties of a 
negative growth factor or chalone. The epidermal turnover rate 
and average cell cycle time within the germinative layer are 
much greater in vitro than in vivo (8,24], suggesting that 
currently available culture systems lack physiologic growth 
inhibitors normally present in vivo. This hypothesis is strength-
ened by the observation that keratinocytes derived from pso-
riatic skin, characterized in vivo by greatly accelerated growth 
kinetics (25], cannot be distinguished from normal controls in 
vitro ([26]; Green, unpublished data). Addition of IF to kerat-
inocytes in the present experiments inhibited growth and pro-
moted terminal differentiation in an incomplete, reversible 
manner compatible with continued existence of the cultures. 
These observations are consistent with a physiologic role for 
IF in intact epidermis beyond that of antiviral agents. 
The fact that IF inhibit human keratinocyte ce ll growth has 
potential therapeutic ramifications. This growth inhibitory 
property might conceivably delay healing cutaneous herpes 
virus infections treated with topical IF preparations; while, on 
the other hand, IF might prove beneficial in the management 
of hyperproliferative skin diseases such as psoriasis. The fact 
that the turnover rate of cells in this disease is higher may be 
due to lack of active inhibitory growth factors in the lesional 
area. 
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